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APPLICATIOIJ OF THE .'THEORY ■ OF SREE JETS* 
...;By.^* Bet?, and E. petersqhn 

Thb ' thebry of *f ibw of- free' jets* goes' back to" Helm-- • - 
holtz**'! and Kirchiidf f "o **^ fundamental- idea i's' tl^-e 

dead wa+^er ' a*f t " a l)6dy^ which' in - the -th-ebsry i- s\ n6w'^i5i'gs"irii^' 
edljr perfectly" still whereaS" the- f lixid' -Cut'Si de" hf'^'t'^^B 
dead' wav'^r ■ i s lii pgtbiitial motioii .'\ At th'e ' DGund-ary of " the 
two 'zone s , .. diea'^d' watlsi* and pot'ential-fioT^,- the- 'v-eibci ty. .v©> 
rie's ; irregularly; (area of- di bcon'i in-M ty) V'"''" The'-dead " water 
beihg at f'e'st^, ' the pr b s''Sul*e ' wi thin' 1 1 s entire^ zone' iraist * 
"be constant hence also at the boundary of the potenti al 
flow,' ■ Appl'l'^id' t'Q tii'e I'-at^er it -^bighif-iu's ^'t the "•/eloc- 
ity fe,long_ the^' free Wunctary uust ""oe' 'con-^t ant '{.Bern-ou'iii-^'S 
e'quation) ♦ ;Nbw jth'o' bouixdary* cohditibn'b for the p.btehtial, 
flow, ate:';.;' ■ ■ . / '^ * • 

1) Velocity at infinity given;" 

2) normal component on the surface of the' body . . 

equal zero-; 

3) Velocity along the- free boundary constant-, ■ 

Such problems are solvable at least for planar flows 
and have been treated quite* f re'quoittly,**** But the vvhole 
theory of the so-called free jet's* hds -com-e seriously into, 
disrepute for the very, reason that tho results are not 
wholly in "accord with practice. To' illustrate: ' Tho theo- 
ry ascribes ^to .'the vertical jplate, sketched in 'Figure 1*,. 

a drag coeffi-cient c'^ = "0.^88, while in reality 

' . • 4 + TT •; • 



* "iln-wendung der . Theorie der ff eien Str.ahlen." Ingenieur- 
*Ar.chiv, May, 1931, pp 19 0-2-1 1... ' . ' 
. ■ **He.lmhoIt*2-j H. v.: " Wissensch. .Abh,, Vol, I, p. 14S,'- 

-Iieipzig, L88k;o . • : 

. ***,Kirchhoif , ; .Ges, Abhc' .Po . 416, Leipzig, 1882. 
**«*Compar.e. Handb. d. Physik,; Vol. VII,* p* 57 ff,- 
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it is about 2i0i The , drag coefficient is defined by the 
relation * 

where W = drag of area F, * P = fluid density and = 
velocity at infinity). The discrepancy between theory and 
practice is due to the fact that the areas separating the 
dead water from the potential flow are not stable, they 
dissolve into eddies and set up an intense mingling- motion 
between the two zones; The result is that the potential 
flow , impresses shearing forces on the dead water zone, ^ 
thus creating a negative pressure in the space behind the. 
plate, which increases the drag; Besidesi the velocity., 
in the dead water zone ceases to be zerp^ and even the 
form of the pot^ential flow itself is materially altered 
owing to the other boundary conditions , particularly in - 
its further course at some distance away from the body; 

.On the other hand, there are cases wherein these proc- 
esses have no appreciable effect on the final results. An 
especially important sphere in which ,the theory of the free 
jot is applicable j is the discharge of water in air. By 
virtue ox the great density difference of the two mediums 
the effect of the contiguous air on the flow of water is 
very small. The conditions are analogous to cavitation 
wherein the water flow borders on the empty spaces of the 
cavitation zone replete with vapor and air» Because of 
the ever-increasing importance of cavitation with our 
high-speed turbines, pumps and ship screws, we choose as 
the subject of . our report the flow through screen-like 
arrangements with free jet boundaries which in. a certain 
measure represent simplified types of the above-mentioned 
machines-.' (Jigs, 3; 8, and 10.0 

Aside 'from that, we wish to . solve the problem as to 
what' extent the results of the theory of free jets are 
qualified to rendi--:r the • actual processes of discharge of 
air in air or of water in water without cavitation; The 
break-up ' of the discontinuity layer into eddies occurs 
after all only gradually, and actually results in free 
jet boundaries at the instance of separa^tion from the body. 
So, when the flow. aft of the' body approaches asymptotic- 
ally* a steady state i « e . , as in Figure* 2, this final'at- 
titude .may already have been attained by appropriate meas- 
urement before the interf erenices due to instability of the 
jet boundaries and the interdependent mingling processes 
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make themselves conspicuous. It is to "be expected in 
such cases that the formation of the areas, of di scontinu-.. 
ity follows, according to the theory, without the " subse- 
quent mingling effecting any marked change • These propi- 
tious circumstances are as a rule encountered when the 
areas of quiescent fluid are large .compared with those of 
the potential flow. And the very conditions prevail for 
the flow through the. above-mentioEied. ecreen^. (Figs. 3,. . 
8., and 10^) • : As long. as. the- slot s ^are . very' narrow with re- 
spect to the.; screen "bars', • a., close accord "between theory" 
and practice ma.y "be expect.ed. ^ . * * . . ,^ y 

But when the slots are consistently widened and so 
make- the stationary oar s'rnarrow- r*elativ'6 to the openings, 
the process with screen,' according to Figure 3, for in- 
stance manifest s a ..steady., approach toward that shpwn in . 
Figure- 1,. where .the .adjacent " bars are so' fa.'t rempved- in ^ 
proportion as to J)ecome negligible. Here t'^e ' i'n^^^^ 
of . the theory is generally conceded, " and 'the: quiestion' 
arises as to how. wi.d.e the. slots can be. made with^^ bring- 
ing about appreciably .-erroneous, theoreitical 
what other cir'ctimstances are involved. To answer this* 
question, we compared a- portion of the! results arrived at. 
according to the .theory, of free jets with correspqnpLing > 
experiment s« . . . ■ ..... \ , 

.'• ' ' ... , , . « 

. For' the-' theoretical .treatment we made' use of Prandtl's 
hodograph method. This metho.d. is' quite familiar to stu- 
dents of Prandtl, as. well .as to a limited circle of otiier 
professional men, but. has never been fully described* as 
far as we know-, and i s- therefore ^little known elsewhere. 
Hence a more detailed account may .not be amiss. Compared 
to the other conventional methods, the hodograph is clear- 
er and for that reason more convenient for the engineer, 
becaxise it avoids many abstruse intermediate transforma- 
tions. Moreover, in view of the practical importance of 
cavitation phenomena, an explanation of the method from 
the engineer's point of view seems justified. 

The flow can "be" express'ed by the • complex potential 
f uhctioh * ' ' ' . . \ • 

• y = cp +; 1^.'. ' ■'• ■ ...(I) ' 

♦Brief exce:rp.t& may. ;be -found in the article '^Fluid. Motion, " 
vin Handworterbuch der . ITat.urwlss^nschaf ten. Vol. 'IV,. p».. 110, 
Jena, 1913^ as ..well..-as .in-.der Hutte , -SSth edit ion, . Vol I, 
p. 347, * . ^ / .i • 
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sub j e c t to' t he- comp 1 e 2: c o o r din a t e 

as ■ • ■ * = $(2.) 7. . (3) 



(where "cp.= flow pdten-tial, • ^ = stream function, x and 
y. =/. cpbrdinates in the plane* of the flow)', .-With u and v 
as velocity component s- in direction of axis x and.y, re- 
spectively, in point is,- we have ' 

• ; =. U i V = §^ " (4) 

. .'. * • • .» • 

■ This, however," is" an analytical funct i on-., of z,. he- 
cause- is one. So wheii we plot. in. a new. representa- 
tion, plane w, a point- w = u - i v- for each point z 
of plane z, the lines of plane z hecomo lines of plane' 
w and are conformal to one another because of the ana- 
lytical character of the'conf ormal function, . To illusn 
tr at e , . when we transfer -a- set ' of stream a,nd potential 
lines . '= constant i Cp '=' const ant) of plane z . (plane of 
flow) in. this manner to plane w*, • the result is a confor- 
mal transformation of it,. "This special transformation by 
means of velocity vector w' is called "hodogr aph, "* By * 
conformal representation, ho^7ever, a potential' flow in- 
variably changes into a potential flow ag-ain, as a result 
of which the group of lines obtained in plane w, may 
themselves .bo' looked upon as stream and potential line.s 
of a new flow. Now, if we succeed in grasping this new 
flow theoretically, that is, define $ as function of 



*The velocity vector of the flow is w^ = u + iv, hence 
w is the conjugated • velocity vector, or in other words, 
w is the reflection or image of w' on axis x. The 
transformation of the flow by its velocity field w' = u 4- 
iv a,s well as its reflection by w = u - iv is called 
hodograph. In the interest of .a, precise manner of expres- - 
sion, it would,- of 'course, be expedient to confine the term 
"hodograph'* to the first r epr q-sen tation (w » ) and to call 
the other (w) the ^'reflected fodograph." 



r 



w,* "tlae solution" f or plane' z, that is ..$Cz)V- •■ is*" as-. ■ 
sured. According t-o equation (4) 

. ...... ......... r .(5) 

•from which' follows. • J-: 

• Knowing ^ as function :of ' w ■ and thereby • w as' 
function; of $ .the .integral may .he. carried through, so 
that, ■ • . . ^ , : • ... • 

• ■■ . ■ " ^ = z(3!) - : * . (?) 

and vice; ve;c:sa-,- $ - ^>(z.) . j V . .(8) 



♦The cour.se^ of flow is,; af ter all, qualit-atively known- as. 
e. rule. Hence the hod.ograph and the shape of the stream- 
lines can .be readily , plotted in it by estimating the ve- 
lo.city for' a suitable sequence of points on o'ne stream- 
line and- then plot It from* one, point;- on (the - origin of 
the coordinates . of . the- hodograph) . The pertinent end 
points for one" and the same .streamline of these velocity . 
vectors are then^- connect ed and represent the correspond- • 
ing streamline of the hodograph. The latter displays cer- 
tain singular. spots (mostly sources and sinks) which then 
serve for more exact , definition of the flow in the hodo- 
graph,- The frequency of the following cases is noteworthy: 
If. the flow in the plane of flow at infinity changes into 
a parallel fl.ow, the velocity for all streamlines there 
.is of equal magnitude and unidirectional. In the hodograph 
the equivalent of !^at infinity" is one single point into 
which all streamlines empty (source or sink). In the 
stagnation points of the. plane of flow the velocity is 
zero. The corresponding point in the hodograph lies in 
the zero point. As branching- point of the streamlines in 
the. plane of flow it generally becomes branching point in 
the hodograph also, and likewise stagnation point. . 
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2, "THE - JLAT -SGHESN MOUIT-TED TO. .THE FLOW 

ACCOEDIilG -.TO THE • THEOHY* \. : • " 



Our examination may "be confined to one strip of width 
a, because the flow pattern always repeats itself for each 
one of such strips. Besides, it is immaterial how we se-- 
lect the "boundaries of the strip. If our choice falls on 
two adjacent streamlines passing through the stagnation 
point, as in Figure 3, the result will' be as portrayed in 
Figure i2. In the following,- we let the lines ^-^'^^^ a-^ad 
A4^D^ represent the boundaries of the considered zoneo 

The pertinent flow in plane w, which resembles the 
flow in Figure 3, that is, the hodograph reflected in ax- 
is' X, has the appearance of that of Figur.e 4. The heavy 
lines correspond to the heavily drawn (see fig. 3) , rigid 
boundaries of Figure 3, The letters in Figures 3 and 4 
designate corresponding points. Points coinciding in plane 
w are differentiated in the plane .of the flow by arrows. 
We begin at point. Aj^ , which is situated at infinity where 
velocity v^^ parallel to direction x -prevails. Corre- 
spondingly, point A in plane w lies on axis x-^ at . 
distance v-^ from- the zero point. Proceeding in the plane 
of the flow (fig. 3) along the • straight ■ streamline A.^3, 
the velocity retains its direction, whereas its magnitude 
decreases and drops to zero in point B. Accordingly, we 
obtain in plane w a straight line from point A to the 
•zero, point. The latter coincides with point- B, where, the 
flow splits up. We first- follow the upper branch B C;^ . • 
The velocity increases along the boundary area B and 
becomes Vg by the time it reaches the end of the area 
a,nd is perpendicularly upward' (positive imaginary- direc- • 
tion). .Conformably, we have in plane w • a downward in- 
clined straight line from zero point (b). (negative im- . 
aginary direction) , because w = - i v (reflection of ve- 
locity vector on axis x) tip to point at distance Vg 
from the zero point. 'Here is the beginning of the free . 
jot boundary C^^D^, (in the plane of the flow) ^ where ve- 
locity Vg remains cozistant in magnitude but varies. in 
direction by gradually changing from vertical into hori- 
zontal. The equivalent to this in plane- w is a circu- 
lar arc (constant distance from zero point), extending 



*Solved by R. v. Kises, V.D.I. , Vol. 61, 1917, p. 447. 
Treated here merely as particularly simple example for in- 
troducing the hodograph method, so as. to make sub.sequent 
more complicated problems easier to solve. 



from- point.- to 'p5irit-^^-'i--I3- ^"O^n-^'asri x:--^-(q"a:adrant) iPll&. 

l)oraa(l-ing streardline ♦••AsD^/ tzte -piciiie . Of the- f low -'oecoiae s 
the • s-tfdigHt'iine -AD in-'piarief' '•-••-'Fdll'o'wiiig .tiis ' otlier ' • • 
braneli "ABbg-Eg- in-' tlie'''6a^e -'j^ann 6-^615' tain ili''plane -'vr* 

the* reflected- -c ant auf-^'bf^- til explained, cand "both 

together "form' k'-'semidirdlei*"- All'' oth^r^-str with- . 

in this; Douhdary in -the-'jlane of ' the '*f low-, begin' ill- plane 
u In point -A j- becSu'se -ail- have " the- • saan 

at' infinity i '' The'jr "all -t • in btie com- 

mon poiiit 'D, ' because the terminal velocity* v^ * is the 
same rot all ' stf eao^aline of ' the pi azie • of -the f low. 

In addition, since component x of the velocity nev- 
er becomes negative and the- absolute = • value of the veloc- 
ity never exceeds" Vg the streamlines ^in- w 'are* 
all within the described limits ; and' fdt as much as lio 
unsteady' velocity ' changes occur in^the plafte ,of the flow 
the streamlines of plane- • w • like^ the' allotted • 
space completely. The. flow 'iii pland w^ is now . so chat?- ' 
acterized (boundary dbhditioh) , that all stroamlines bo- • 
gin in point A' ( sdutce^).', etid in" point-. D' \(-sink) , .aiid: 
fills the proscribed space, lbound'od..by^ a semfcirclo a-rid-.a ' 
diameter. 

Withal, it is provisionally tlndecidod . as yet how 
largo the ratio v^^ /vg , ,tlio initial to* • tho .tormihal ve- 
locity, is, and by it, whoro point A*' (source) lies on 
BD in piano w. Obviously-, this ratio is dopondont upon- 
the relative width of the slot*-: If the slot is as wide 
as the spacing, so that the plates become infinitely nar- 
row, the flow • continues without hindrance; it is. v^ = v^^ . 
On the other hand, if the slot is. very narrow, the. free 
Jet likewise becomes very .'narrow, compared .to the oncoming* 
fluid flow, which has the whole width, of the s-oacing at 
its disposal.' Accordingly, v,.«.V2, .hence ^^-—>0. 

This interdependence between slot, width and v^^ /vs' Is not 
readily amenable to definition in a quantitative sense, 
and so it becomes • an 'important part .of this problem to de- 
termine this relationship. Since we find the processes 
in .the plane of the .flow fr.om its image in the hodograph 



♦The selection of any two other congruent lines at dis- 
tance a from 6'no another instead of the straight bounda- 
ry lines A3.D3 and A434 wou.ld result in plane w, in 
two curves in place of the two coinciding straights AD; 
but they likewise coincide because of the congrtient shape 
of the two boundaries of the plane of flow, so that the two 
zones again yield a complete semicircle. 
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"by integration (equation (6)), xre expediently continue in 
the same fashion hy first assuming point. A /arbitrarily 
in pl£tne * t7 (that i s , "^'Vi /vg) , aid' then ..define * there- 
from the ' slot wi(^th hy " int'egratioii -lijased upon equation 
(6)', ■ The' resuit\is,\ the slot "width in fuhbtion of ' ."^x /Ys 
and through it, of course, also the reverse connection. 
The absolute magnitude of these" velocities i s of no sig- 
nificance, because a" propbr'tioftdte enlargement' of " kll ve-r 
locities does not alter the form of the streamline s .' We 
may • therefore , put velocity v^ 1 . .whida,.,' moreover, .has 
th^ ""^advantage that the limiting ' circle iii/plafio w be- 
comes precisely the unit circle. Likewise, ue may, with- 
out detracting from the generality, set the spacing a in 
the plane of the flow = 1. How the yield of ,^the source 
in point A of plane w'. is E == v^.V 

The flow in plane w, source and sink,'' within .a sem- 
icircle are readily treated: First we complet e-the sem- 
icircle to a full circle by reflection on axis ;y and 
further on ,* by reflection of the inside * on ..the .periphery 
to the indefinitely; extended plane. The 'result is the 
flow, shown in P.igur'e 5, ' clearly ..defined " by four sources 
■and two 'Sinks and the premises (Sf'zero'at indefinite ve- 
locity. •■•Each of the four sources has' a yield ' v^^ and 
lies in the points +V;^ , -v^ , + and - i^. Eadh of the 

two sinks has the yield -3 v^^ (by reflection on the cir- 
cle to original yield is doubled) and lies in peints +1" 
and -1, respectively. The complex-potential of a source/- 
(sink) in point and with -a "yield • E -is in a point ' z 

■ ^ - I- ln(z - zo) ' ■ (9) 

2tT - • • 

We R:re primarily interested in the condition's on 
from which the length of the planes 0^ Ca in the 
plane of the flow must now. be derived. Our four sources /. 
(S = v-^) and two sinks (E ^ 3 v^ ) reveal for a point 
of this space at distance r from the zero point, the.t 
iS| for a point s =^ i r, 

$ [ln(ir - vj + ln(ir + v^) + In -^ir ^ 1^ 

. •+ In ( ir + - 2 ln(ir - 1) - 3 ln(ir + l)] • (10) 

How, when we resolve the individual logarithmic terms 



9* 



(for •example,''" In + V2) ari-to- '-real and 'Imaginary - ''^ - 

parts. .(-fQ-r- ex.ample., : arc.-t.an- ^ , ..w.e/ find . that; the imag- 
inary part s, exactly lannul . on j^P;t her .-.owing t o. :the .symmet.-- 
rical position of point ir=-: Coin axis. -y) to^ spur:qe:S. 
a.nd sinks. Only the real parts remain. So, instead of 
t;he/;.compl ex ..quantities, ^j.w.iand ■z^. o.f ^equation v:(6) , we 
can simply figure! with the real qiiantities r and y. 



$ = 9 = -i. In 

•/.2tt 



and 



9£ = ^ 2r 
3r 



2tt 



.1. ' . + 1)' 
2 



s + 1- 



:^ +: 1 



(11) 



(12) 



How, . according .:to (6) , .:'we obtain, for a; point, ir on 
pi'aiie a- dbrrespoiading- pt)iiit •• iy-';on •pr'ane- of - the -f low 



.■,-Q. : T OV i> 0 



, 1, 



.+ 



r^. + 1 



dr, 



arc tan 



'+V£ arc tan r ^2 arc tan r 



] ^^^^ 



The. whole distance C^LOg ^ h (width of plate) is obtaine.d 
"TDy'-in-tegration in plane w from ' 0^; /.to. _<33»* that'; i's, 
froini r *== - 1' to > = + 1. It afford'^ ' 



b- 2 



.TT.:. 



1 ■ . . . 1 , ■ : ■ ir' 

— arc tan — + v, arc tan - — 



'z '^ f y. J:J\ arc •■tan- V, + (l - Vv ) • ■ 



. For simplification we put a = 1 . and- 'C;^ • = 1.; To 
get xid of. this .st.ahdardization, we: now replace, h by ^ 



and 



by 



V 



so that 



2 



^ = 1 - - 2 



arc t an -i- 



(14) 
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This Veikti oi ship i s- shbvna- in/?ig (ouT^'ef yxx y= 90^) 

■ -T 0, , ar rive - at.-, f or c e ■ ... i mp r .e s s e.d* on e ach pi at e s't r i;^) 
th^: k-nowledg.e of the initial and' the terminal. VBlpcity V ' 
su.f/f icesv. : For:-,;- accordi theory /. . ' . 

. -W =: Pi-:ft;:f- -Pi-y^? ftj.^ Ps - a p y^, Tg: a. f V.'- (15) 

where p^^ and .denote the pressure remotely fore 

•kXK&j aft:A of. the -screen*;. Bernoulli ' s-,equ£^t.ip.n reads 



(18) 



•Qbii' sequently:,' 



a -- v„2 

2 2 



= a - V 2 

2 2 



1 - 

■pl + 



-2^+2 



- 2 II. 



2 2 



• A dimensioriress 'resi.staiice coerf f ici ent 
forne<?, heref rpm', 1)60021163 



(17) 



1 r-i-^'i' 



2 ^ 



(18) 



with relation (equation . (14) ). tetween ^ and 

is' also shown' in Pigure IS'-' ' (a-'^ 90°^ 7 = o^)- 
ever, the more general c^:; ig/used instead-of In 



. Thi s 
.where i how— 



the limiting case of ->1, that is, for one single 

plate in an infinitely wide flow-, equation .(18) reveals 



Xirchhof f ' s resistance coefficient Cw = 



•2 TT 

4 + rr* 



To gain an' estimate o*f- the rapidity * with which the 
free jets leave the slots and approach their asymptotic 
terminal a,ttitude, .we examine the curves of the free jet 
limit itself, . .1 1 s.. coiint erpart' in plane w is the circu- 
lar arc fiDoa to D and Cg to D, respectively. 
On this circular arc : 



w = 



(19). 



when is the angle of the vector component to a point 
of the circular arc with axis x. In plane z we have 
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for these 'point s\ • -'^ - . 

. ..•Cv TT ^■ 

For the points of the circle, we fiiid 



(20) 



$ = Iijln(e^^.n);+ln(^ ±) , 

2 ln<ei^*^l)-2 l.n(e^^^i.l)]' \ (21) 

■ "■Tiie imaeihary pbrtiabn ..(the stream function) either 
disappears*' or else is>.const.an.t,- t circle is' 

streamline. Besides, • . . ' 



9ij 2fT'- :.• 



1 1 

-..+ 



^ 4-. 1 



Consequently, we have, according to (20), 



(22) 



^ 217 TT 

"*2 



1 1 1 1 ■ 2 " 



• ■ 2 ■ - 



d^. •■. (:2"3) .' 



. The' integrals jointly have the form - I = /• - j;^ -^ 

which, when resolved' into real and imaginary par t , ' "becpme.s 
^''■ 'r (k+cos T^ )d'a • ■ 4 r ■ ^ini^ ^-^ 



. l+k. .+2k cos 



l+k?+2k cos ^ 



.1 

2k 



iJ-2'. arc • tanl 



Vl.+k 



tan l-Vi ln(l+k^+2k cos 



(24) 



• ' introduction of thi.s result, into (23) , wherehy k 

assumes for the individual integral;, in sequen.ce, .the val- 

1 ' ■ 1 ■ • 
ues -v, , +Vt - — , ' + ' — ,: -.1, +1, * yields 
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z^Oi= ^ In 



1+cos -5^ 1 
1-cos ^ 2 




In 



H-2 v3^ cos 1^ 



-►2Vi cos 



SttVti / 



arc tan 




(25) 



/T-he real portion of this t ernj . repre sent s . the • x co--» 
ordinate s, " t)ie/;imaginary .part . the ' ' y\ . cSioQrdinates of the 
free jet liiilit in the plane of "flow, figured from .point 
Ci,« , The course of the free jet limits ootained in this 
mariner, is illustrated in Ftgitre* s ' 5. and '7 f or several- val- 
ues of Vj^ and screen spacing a, in Fig- 
uro'o, 'was kept ' constant i- whereas th'd "bar" width • "b. : was 
varied. In' Figure 7* the har ' width- waS constant and." the 
screen spacing a, was changed. 

. ;;3 .: ' THE;:S"cHSEy .'C^ FLAT PLATES '111 

PSEPEITDICULAR FLOW, ACCOEDIITG TO THE THEORY 



We a,g.ain proceed with screen .spacing a = 1 and ter- 
minal velocity, of. ..free; j.ets...V2. = 1, and review .the phe- 
nomena iri -a ' strip of ."the;^ Yfidth of screen spacing a. 
First we esiaraine/the strBamline containing the stagnation 
point on the plates (w = o) . I^ow this line is no longer 
straight . as ^in- the preceding case, hence its reflection 
in plane w^ curved al so • Figure 8 gives the approx- 
imate course of the flow and Figure 9, the singula-rities 
of the accompanying hodograph (plane w) reflected on a:cis 
X. Co-rr'e spondihg point s .are .-.again designated oy. the- same 
letters. In the previous case the initial velocity v^ 
was at first undefined': and its relation to given dimen- 
sions of the plates was established later. Now, we have, 
"in addition, another temporarily undetermined. quantity, 
namely, the directipn./o.f the -terminal'' veloci ty v.^ , which 
is chiefly dependent on' the setting of the plates. To he 
sure, the direction BA is given in the hodograph "by 
point A; (soxirce.)-, but the : di^ta>n.co- from • B i s -.indef i- 
nito and as far as 'point D (source) ' is concerned, we- 
know it does lie on the unit circle hut not at that place. 
The first uncertainty is- teiaporarily left as. it l.s, i.e^, 
we select: poi'nt • A ^kr-hitrarily on. the pa.rt of axis x , 
within the unit .cdr.cle. The location of point D .(the. 
sink) is defined by the stipixlation that point B', the 
stagnation point in plane w, must coincide with the zero 
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point.* This is possible only by a well-^def ined location 
of'tiie sink, when that of the source is given.** Since a 
source of yield E, whose distance w from zero point 
forms angle X with t'he plate .given in zero point .a veloc- 
ity component cos X parallel to the plate (the com- 

27TW 

ponents normal to plate, are . annulled hy reflection)-, .and 
•the sum of the effects of all sources' is to te zero, we 
obtain as' condition- for • angle p formed by' vector BD 
and axi s • x : 



■COS.. (a-.-' p). - (v,..+ ^) 



cos a. 



(26.) 



where a' is the angle of the plates and 
the free jets at infinity w;ith axis x. 



P the angle of 



The hodograph *f of this generalized case comprises, as 
before, a semicircle with one source and one sink (not 
.symmetrical, however). The sink lies again on the periph- 
ery, the-' source on a point of* axis. x. .The yield of 
source and sink is E = v^ . After completion of the sem- 
icircle . to the full plane by reflect jon, as., in the previa 
dus exkmple, we agaiA obtain a'flow consisting of super- 
posed four sources and -two sinks. ..(Pig. -90 The source^ 
yield is E = , the location is in points v^^ , v^^e^^^c, 
l/vi , (l/vi)e^:^^, -The two. sinks have the yield E.= -2 v^^ 
and lie in!, points e^P .and e-^i^^^^K With' the potential 
on the diameter C^^^ , the imaginary portion disappears 
again for reasons of symmetry, Eor a point on C^^^C^ at 
distance r- f rom zero point - .(w = r e^CC) we have: 



V ( 

= cp = In I [r^+Vi^ -2rvi cos a] 



r2 + 



2r 



cos a 



X [r2+i-2r cos(a-p)3 ^ } 



(27) 



and 

3r IT 



r - Vj^ cos a 



r^. .+ v^^ - • 2 r - v^. :Cosa 



-•2 



r - cos(a - p) 



r . -i. cos a 



r2 ■+ " 2 ~ cosa 



+ 1 - 2 r cos(a - p) 



(28) 



■ *3e-e footnote, page 5. 
** See page 14, 
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Accordingly, width b of the screen plate becomes, 
according to (6)- * ' .i..- 

Now we introduce'" ^ ftoit "(28) , evaluate the integral j 
apply.^arbitrary spacing a, ] and -terminal -velocity; 73 , 

cosa + l2>,lj^ ^"^2/ V^s/:-.. 



a TT V2 



^ cos(d-- BVln 3.^^ 



arc 



(29) 



•+•(. 5-Vsiha/:tan ( 2 — r-sina J+rTl -^.) si-iicXrTTsin (oc-B) 

.. . - . .. /V' ■ *V« \ ■ ' ■ v.- ■ 

wherein 2 . cos (a--p)* ' =» */ -ri*- + 5^)cos:.a, according' to . (26) , 

With this .last relation, (29);..now 'bec6mes: 



b 1 Tn f 

— " :u I cos 

a TT V2 ! 



\l-.cos:(ar-p). COS (arP)+cps^a/ 



[' ^ ^^)-sina.: arc- t aa f2 . . s i ha^ -^f —si na- sin (a^ 6 ) ^ 

' ' ■ ■ (29a) 

Equations (26) , (29)' and (29a) reveal the relia'tion 
between the relative bar width b/a, the angle of de- 
flection p, and the ..velocity ratio /v^ • Figures 12 

e-nd 15 exhibit the values for v, /va and p at a = 15^, 
30^, and 60^ plotted against b/a. 

•The forces- Iv . irapressed on tlie individual plates 
mixst be ver.tical-.to..the. plate surf ace'. Their components 
and Ny, according to the laomentum theory , are: 

.Footnote from page 15-. 

**One may instead .deterraixie the . direction of terminal ve- 
locity Vg from the condition that the force on the indi- 
vidual plat es- according to the momentum theorem - must 
be normal to the surface of the -Dlate,: . 
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. • -.Nx = P.Vi a.i\ r .Ts .cos p) + a(i)j^ - Pg) (30) 

p • , ' ■ ■ ■ '.. '• •• ■• ♦ 

id 

••• • ■•Ny = 'P Vi •'a vs -Sin p. .• (31) 

. . i . ' . A ' . ifx ■ . i'- ' ■'■ ' ■ ■' ■' ■ 

it id readily prtiVed that = tan-d, that is, . . 

the force perpendicular to the plates, when putting . • 

Z cosXa k) \= (~ + cos a ' " 

according to (26) . For. this, equation precisely expresses 
the condition' that the ^ force * must he perpendicular to tlje 
plates.* 

The- re-s'uit-^nt -force is re.vealed as . 

If = = P V, . ' • ' - (32) 

cos' a > ■ ^ • ^ co'.s:.a- . • 

The .dimenslonle..ss cq.ef f i c'iient 'of - this, force ."b.ecomes:. •-■ 

' ' ^c. = S_ =22:^ - • ■ • • (33) 



P hvpcosa. 
2 ^ 



h 

vO' 



and IS shown in Figure 18 (curves ■7 = 0).. for various 
values of a .plotted against ' h/a. ' 

Allowing - >0, results in the force for ^the ;i«di- ' 

a '; . 

vidual flat plate at angle of setting a. The execution 
of this limiting transfer, .wherein p — >0 and -i. — >1 , 
yields ^ 

. 'cn =" ^ ^\ ■ • (^4) 

4 + TT.. sin oc ; • 

a factor defined direct "by Lord' Rayleigh. 



♦Compare footnote, page 14. 
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4, SCEEEir COITSISTING 0? OBLiqUS PLAT PLATES IIT OBLIQUE 
, . R10W-;.(AG;CaHDISrG. TO,- THEORY) • . 

Here we have, aside from" the constants of the pre- 
ceding problem, the angle a formed by the direction of 
thie oncoming flow with the normal.' to the plane of the 
screen. For the rest the- designations remain the same. 

Plotting the hodograph again i*-n the usual manner, we 
first notice that point A in the hodograph i s no longer 
on axis x, but on a straight line;, slopi-ng toward it at 
angle 7, (Fig* 11,) For the-' calculation itself this 
would imply but a very trifling change, which would got 
justify a* separate' treatment of the two cases wiere it' not 
for another extremely serious di'ffere'hce. In the plane o'f 
flow the process in direction y is periodic. Points 
shifted in direction y (parallel to plane of screen) by 
spacing a, have the sabie" v'elocity, hence coincide in the 
hodograph, as points, P3 and P^ , f or . instance* Assuming 
a- simple source ih . point .A of the., hodograph, as hereto- 
fore, reveals the same potential for the coinciding points 
P3 and P4 . But in the plane of the flow these points ob- 
viously have a different potential; for the lines of* con-' 
stant potential are perpendicular to the streamlines, and 
it is manifest that points P^ and P^' hav.e the same po- 
tential; that, in fact, the potential in P3 must be 
greater. Applying this stipulati on at so great a distan.ce 
in front of the screen that the flow can be considered ■ as 
undisturbed;, the . .di s t a^ice. • P3' P^ - ;:a- sin 7 and the po- • 
tentir?.! difference betw.een P^ and Pg' ., or what is the . 
same, between P3 and P^, is 

A <p = V;i" a sin 7. 

Proceeding in the plane of the flow from point P^ toward 
point P3 , the potential increases by the amount .A cp . In 
the hodograph one single turn around point • A corresponds 
to the space from P4 'to' P3 , .IT herein the potenti^.l is 
to increase by Acpt a vortex of ' circulation 

r = Aq) = v^ a sin 7 " ' (35) 

must be at hand in point A. So aside from* the source 

with intensity 

E = Vj^ a cos 7, (36) 
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a vortex of the . mentioned intensity must te introduced in 
point A, The .complex potent.i,-al -of a vortex of circula- 
tion r in poi'iit' .ZQ -is in a" poijit z '(see equation 
(9)) 

To tho.se readers who have., some practice in conformal 
r ©pre. sen tat ion.,... .t.h.e... appearance*. -of- -this: -vortex- may-, more** ' 
oyer,_'be clear ,..'?inc,e "by •the.-'r'epre.'sehtation of a simple 
periodic, flow pattern, the components of .the velocity at 
infinity, which is perpendicular, respectively, parallel' 
to the direction of the; per .'.Appear as source and sink. 

Strictly, a vortex of intensity v^ a cos(7 - p) 
should he introduced' in point .-D,. (the sink) .also. But 
hy stipplemeriting, the/ flo.-^? through ref lection " the circle 
(1st problem) the reflected circle ha,s the opposite sense 
of rotation, and sincehoth coincide, the vortices annul 
one another.i-r- 

The stipulation, as in. (2S) , of a. stagnation, point . 
in the zero pt)int of -the hodbgraph (i-;i9., rb^lilt'a^ force 
perpendicular to'plate surf ace) * affords -hei-e the relation: 

2 cos (a - §) .^'.(.^' t.Ti^. cos a t - /V^.^- sii a tan 7 

Thus, a calculation .of the potential on line Ci C3 

in the same manner as ..hef ore yields a proportipn 

» ' .■* . • • • 

V, cos7 . r-^ ^ ■ ^ " ^ r '^^ '2t 1 

= In :[ [r2-Hrj;^2rv-^ cosa] . |^r2+ ^ ~ cosaj 

[r2+l-2r cos(a-rp)]'~^|, . (39) 

attrihutable* to the sources and 'sinks and whose sole dif- 
ference from the value in the preceding problem is the 
factor cos 7. 



But to this we 
ces , . 



must add t.he'. proportion of the vorti- 



V, sin7 



TT 



r - .-i- cosa 



. ^ -r-v-' cosa . . ... • -* ^1 
arc t sn**-^^-*~:- — - arc tan — ^ 



Vv sma 1 ^. 

1 ~ sma 

^1 



(40) 



IB 
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Conf ormablg. to (8.)., the p.la.te iffidtli. "b. ..is.: 
■b 



r d r _i r o r 



(41) 



-1 



The first of the tyro- integrals up- to cos 7 is iden*- 
tical again with that evaluated in (26) • For the second, 
we have: 



v^ sin7 sina 




TT 


r^ +v^2 "2rv^ c c sa 



and 



r^- ^cosa) 
Vi /. 



+ 113 
-1 



£ _ Vi sin7 sina 
r 9 r . 7T . ' 



V Vi/ 2 1 - 2 Vi cosa + V3_^ 

/I X 2v sina rr . . 

+ f — + V, ^cota arc tan — ^ cota 

VVi V . l-Vi^ Vi 



(42) 



So When we di tscard lihe standairdiz.ation and replace "b and 
Vj^ hy h/a' and • v^^ /vg , respectively, we'at last obtain: 



- = ^ ces 7 

a TT v_ 



, • -V- 1 + cos(a - f)) 

CCS (a ~ 3) In; 7 rr 

^' 1 - cos (a - p) 



cosa /V 



1 _ 2 (^I^^cosa + r^T 



1 + 



+ -Ti('-^S-s.ina- sin (a-p)^+('^ - ~"^) sina arc tan/'s sina^ 



1 V 

TT Vg 



1 2(-^ icosa +( r^) 



n 



- 2(^^^casa + (^^) 

y Vvo y 



Q + 



vi y 



, 2 V, v_ . \ v_ 
cosa arc tan ( — — * » _ sma;- -^tt cosctti 



— v;- 



(45) 



« 
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V ' V '.' • V V 

..Tiierety ;2 . cas (a^-- /.p) - +' ;rr^ • casa.'^+ . ^7^- 

tan 7, according to (38) , and "by a.pplying thi's 'relation 
(43) now assuiaes the following form: 



a 



1 

IT V. 



CO 



s7 co8(a-p)ln JiiSP..4a:::|l 
... . l-cos(a-6) 



l*"-2; (--i- tco sa+i --*- ) - 

CO s (a-p). . , ,v^s . : .V, f 
+2 / .-r^ ».c 0 sa+^ i 



1^ siiiCa+7)^ 'sin(cc^7) \ arc ' tan f 2 sino^. 



. ' f ♦ ' . • ...... ^ I ■ . 

".. 4--TT..c6s; >i . :Sin a • | cos a' sin 7 



(43 a) 



•ihe distance of . stagnation point ' .".3 /froni pl&te edge Ci 

•is ^aanifested a.s ,.' '.. " - ' 



^ . *" ' • 2(l+cosa)- v^. -*v, 
cos7 cosXa-6)ln '■■r v. - ■- ..t : -z ^cos (a-7)ln:-*;i- 



1+cosa 

. = • ■ .. •' • ' ' r:'." \ ■ . r -'^ -^^^) 

Thus we see iii'- Figures 13 and- 14; v^^ /vg , -and in 
Figures 16 and 17 the deflection angle- p. plotted against 
h/a for 7 = 30^ and 7 = 60° 

• ' • The* forces • IT ' Acting .'on the individual plates again 
ar*e>p'e'rpendibul.ar- 'to th.e' plate surf 8.ce,. and .th:e.i.r an-agni.r 
tude i' s £?-gad-n- reVeal-ed "by the" noiaentuni- theor;/ as-.-:..' 

- •[ vi V s i n7 • ^^..Vg - .sin ("p-7,)] 



^'.cAs(a^7) ,^ 



Jhe dimen^slonlesfs-. cpef f i.cie.n;t^^^ of ..tVl's force is 
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cn = 



N ■ 



= 2 t 



, cosT 
"b Va cos (d«7) 



(46) 



These values are plotted in Figure 18 for 7 = 30? 
and 50° conjointly with, those for 7 = 0°. 



5, OHBCE.OP THE THEOHETICAL RESULTS BY EXPERIMENTS' 

I'rom tHe foregoing discussion, it is/seen that a theo- 
retical treatment of the flow through screens by formation 
of free jets is not beset by insuperable obstacles nor. very 
much .re strict.ed in scope. But from the. practical point of 
view it is of the utmost importance to know in what cases 
the theory supplies correct results and in which cases it 
does not. To 3.scertain this by experiments constituted an. 
essential part of our problem. In making the experiments 
we encountered • certain fundamental obstacles which must 
be clearly understood, because they quite often play a role 
in the practical application also. 

When discharging water through the screen in air the 
ensuing jets., as stated in the introduction, are very lit- 
tle affected by the surrounding air... The premises of the 
theory then are fairly well complied with and the experi- 
mental values show ordinarily a quite close accord with 
those of the theory. With discharge of water under water 
by cavitation the conditions are probably analogous. But 
in a- discharge* of water under water without cavitation or 
o.f air in air, a gradual mingling of the jets with the 
quiescent fluid, sets in at the limit of the formed free 
jets. This mingling is accompanied by mutual forces which 
can exert a marked bearing on. the motion of the jets as >- 
well as on the fluid around it. , . 

The theory stipulates a plane flow, i^e;, screen sur- 
faces of indefinite length. In addition, it presupposes 
an indefinite series of screen bars. These two assump- 
tions are impossible to realize by experiment, which must 
be made with air or water of finite sectional dimensions.- 
After all'; by discharge of water in air this is rather 
unessential, because each jet moves practically undisturbed 
through the surrounding air and for that reason is largely 
unaffected by the adjacent jets .separated from it . by air.. 
The discharge of air in air or water in water calls for 
fixed walls (continuation by reflection on the fixed walls) 
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ins.t.ead-.'tof the. -'coa4±n'uat'i;o*n- of -/the', .ifloijyv'^ '-In 'o^th'efr words, 
. t he f iuld s t.r e:S:im'. m^rst': er • . c^onduc^t e'd: 'iir- a- -i ike d • chann e 1 . 
If ibhe screen: deflevct s rtHe jot.sv^* th'e' rdlre'^ction of the 'guide 
cliannel'-must' oe" so*, e s.s?a:yedi thatioit: harmonizes' with the di- 
rection* "of- .thB j.et.sv-- D'eviatiohs :f.-r om-'.'the right direction 
are readily recognized from the unev.en pressures 'at the • 
corresponding points of the two lateral channel walls. 

■ ' -Hereiy the- f ollowin-g^^M'^stttrhing phenoin^^^ 
conspibuous, • The- 'f t'^e '^•etk^gradually mingle wit-h -the' 'sur- 
ro'.undiiig' dead wate'r -ks ".a^result of which the pressure'-*'^' 
rises, ' This* pressure/ ri'sb is dependent upon the ratio of 
jet width to dead. :wat-er'' width; • Under ■ 'certain hypothesbs 
a reduction in deaii: wa'tei" width is :accompanied hy an in-- 
':crement in pressure' rise'- 'which, howe'ver, is followed hy' " 
i-nstabili ty of the' et s'.' For if in these cases the spac- 
ing a. "between two . jet s i s acci dentally narrower than ' 
that of the adjacent jets, .the negative pressure aft of • 
the respective" 'scre"6ii surf a^-'b' 1 s ie s s than aft of the-' 
adjacont o'ne, "because", the -pressure' in the fina^l attitude- 
i s constant and the prer:gsur:'e= '-ris^" greater. The result . is 
that the two' jets, * whic'h- "per' s'e" 'are already closer to 
one- another,, incllne'- towar^d' -one another, and so approach 
"ohe" *another' still more,- because of ' -the -greater negative 
pressure of - dead wat er- .between them. Due to' this in:sta- 
"bility the jets have, under ■ the cpnditit^ns' pointed out , * 
a tend:ency of clihgi'ng to. ona- side of the:. channel wall . 

. The. instability can be reduced- by' joining the diaad 
water .spaces .'aft..' of -^the '-indivi dual screen: bar-s through . 
openings in the channel wall.s to ^oa'e .common connecting 
channel, and thus equalizing the pressure of the individ- 
ual dead spaces'. - However,:,- the* pr e'BSUTe-*.equilibrium- is 
.'iibt' complete , particularly 'When the screen spacing i s . 
close compared to' the*- length of. the bars, i'^e-., long s-nd* 
narrow- dead air spaced. This is true'r the. closer the ex- 
-p.'ieriment. approaches the theoretical basis of the- plane 
flow. It' may appear fitting to omit* the limiting wall.s 
(the guide channel) alt,ogether aft. of the screen' arid . re- 
linquish the simulation of plane flow^ But even then, 
irregular mingling- proce.sse s persist; especially -the two 
boundary j et a act- differ ently from those in the center. 
One efficient way. of sti'abilizati on consists in mounting 
auxiliary walls behind each bar of the screen (fig.. 27d) 
an expedient which, however, -can .ibe applied conveniently 
only to flat screen and perp.endi-cular flow. 
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' Bacause of the'-^t'ime and cost involred, the * experi^. 
ments .ccald not l>*e '.-carried on indef ini.tely., -.and so we se- 
lected various typical cases. The chang.e in "b/a " was " 
•largely accomplished, by the repeated use- of the./same 
screen bars installed in. different numbers into the chan- 
nel, of given breadth. . 

The set-up for discharge of water in air is shown in 
Jigure 19, The water is .conveyed from a pressure t.ank 
through the screen without further guiding aft of .the 
screen. Short end. plates E were attached at . the ..ends . . 
of the screen bar "G . in order to prevent transversa fiow, 
which otherwise occurs, under thel.- influence, of the pro- - 
nounced pressure differences .at; the j'et .'.-boundaries. We 
measured the pressure -.p^: .In .^'f.ront of -the .-screen an^d the 
volume of discharge. The " p.r&.s.9ur$. behind the screen agrees 
with the "air pressure in the./'e3;periment. chamber. The vol- 
ume of flow was defined by computing the amount of water 
flowing into a receptacle within a given time period. The 
results (dots) together with those of the theory (curves) 
may be seen -in Pigure* 20. .The agreement between theory 
and experiment is quite close, except in very extreme 
cages; Plat screens in perpendicular : flow manifest no 
pei^'ceptlble" discrepancies from the. theory until the ratio 
of^'plate width' b to, screen spacing a is less than 0.2, 
Probably, th^ ventilation in* the small spa-ce back of the • 
bars i^ no longer sufficient , If such is the ca-se, the 
deviation would not only be dependent upon the ratio b/a 
but dn the ratio of ba,r width b to bar length- also. 
Since this Was not changed in our tests with water, our 
. opinions • are' held in abeyance. 

With the screen consisting of flat, oblique plates 
in perpendicular flow, the agreement -for a mjaan bar width 
b = 0\S a ■ (fig. 21) is passably close in deflection an-- 
gle p as well as in velocity ratio Yi /vg . The latter 
^shows'a slight deviation at a = 60^ setting. The devi- 
ations become markedly greater as soon as bar width b 

exceeds the spacing a. .('Fig, 22, ^ = 1,2.) 

• . • . a ' • 

For the experiments with air we generally used- a 
larger screen than for the tests with water, (Fig. 23.) 
However, iii order to' obtain a"relia,ble- comparison with - 
.the water experiments, we also made s.eyeral. tests with 
the 'same screen employed for .our water tests (called 
"small screien"' in the plots)., The .volume of flow here was 
arrived at by measuring the pressure drop in the nozzle . 
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"before the screen (Pq - , fig# 23) ♦ ' As pressure be- 
hind the screen, we measured p^ in the equalizing cham- 
"ber connecting with the dead air spaces, * 

The results of our tests with air are shown in Fig- 
ures 24-26. The flat screen in perpendicular flow re- 
veals for large values of t/a, that is, narrow slits 
with large dead air spaces between, a tolerably close ac- 
cord. (See I, Introduction, page 1.) The deviations, 
however, begin sooner and exceed those of the water exper- 
iments. Subsequently, we shall refer to this again, and 
for that reason, we show in Figure 24 only the results 
with the small screen (also- used for water tests) and for 
free extension only. The unsyrnmetrical arrangements re- 
veal decidedly greater deviation from the theory. The in- 
teraction of the jet plainly sets up an additional nega- 
tive pressure on the dead water existing between firee jet 
and plate, which sucks the jet toward the pjate and ef- 
fects a greater deflection p in consequence. 

How in order to explain the processes which cause 
this variance with the theory somewhat more clearly, we 
made some further tests with the flat screen in a perpen- 
dicular flow. The various set-ups (a with channel guide, 
b free discharge, c with end plates, d with channel 
guide and intermediate bars) can be seen in Figure 27. 
Tv/o sizes (15 mm and 30 mm width) of screen bars were used. 

The results of the press^ire readings under the differ- 
ent test conditions are given in Figures 28 and 29. But in 
interpreting these data it should be noted that in part 
they are qtiite uncertain for a repetition of the tests re- 
vealed marked differences often for no clea^rly visible rea- 
son. As one instance of this, we reproduced the two curves 
for set-up b as obtained at different times. The processes 
really are very unstable in part, so that minor influences 
may have comparatively great effects. For that reason our 
intention is not to draw too far-reaching conclusions from 
the results of this test program. ITevertheless , we be- 
lieve to find certain guiding points confirmed by our 
tests. The use of the guide channel with equalizing cham- 
ber* and the free discharge with end plates evoked a 



*In these experiments equalizing chambers were used at both 
ends of the bars, interconnected by rubber hose (fig. 27a). 
In the previously described tests we used only one such 
chamber at one end (fig. 23) • 
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marked difference for the two pla,te widths; with the narr 
row. plates the discrepancy "is decidedly higher* Apparent- 
ly the ratio of plate length to plate width (200 : 15) 
is too hi.gh to ensure a sufficiently abundant ventilation 
of the dead air spaces hack of the plates. The effect of 
the ahoYe-menti oned. intermediate "bars "behind the separate 
plates is astonishing (fig* 27d) ; the values are in close 
accord with the theoretical curve for "both narr.ow and wide 
plates. 

For a "better insight into the causes .of the .differ- . 
ent results we measured in some of the set-ups of Figure . 
27 the velocity (energy) distrlhution (total pressure) 13 
cm aft of the plate (line A-A in figs. 27a and 27d) . The 
results are given in Figure 30. It is clearly seen that 
the mingling process in the individual jets is very dif- 
ferent. It is also manifest, even if not quite as notice- 
ahle, that the jets do not run parallel while the di s-- 
tances of the maxima and minima axe uneven. The "bar he- 
hind each screen plate makes the movement of the jets 
much more uniform. It may in part he due to better "guid- 
ance" of the jets, thus making them independent of one an- 
other. But in the main this greater uniformity undoubted- 
ly is due to the fact that now each jet is bounded by a 
fixed wall for at least a distance, and that as a result 
thereof the difference between the outside and inside 
jets is reduced. 

In order to be independent of the mutual interference 
of the jets, we further examined one single slot (corre- 
sponding to fig. 2), first with continuation of channel 
and then without channel and with and without end plates. 
(Fig, 31.) The result is appended in Figure 32. With and 
without channel but with end plates, the results showed 
the deviations from the theory t.o be quite inferior, as 
expected, by the satisfactory ventilation of the dead air 
zones; The greatest variation occurred at the jet ends 
in absence of guidance. Manifestly, transverse movements 
appearing at these places exert a quite pronounced effect, 
(Oompare fig. 28.) 

■ 6. SUMJiAEY 



Based upon Kirchhoff 's theory of free jots the flow 
through different screen arrangements of flat plates, as 
chiefly encountered with turbines in the . cav.i tati on zone 
is defined. It is shown by experiment's that these the*- 
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retical results are very well representative in most cases 
of tile conditions of discharge from water in air and con- 
sequently hy cavitation* In addition, the experiments re- 
veal a picture of the discrepancies between the actual 
flow and the theory of discharge of air in air (of water 
in water without cavitation) • These discrepancies are ex- 
plained qualitatively hy the mingling processes between 
the jets and the dead air zones. 



Translation by J, Vanier, 
National Advisory Committee 
for Aeronautics, 
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Figs. 1, 2,3,4 




Fig ,2 Discharge from a 
receptacle. 

Fig.l Kirchhoff »s flow aroinid 
a plate. 




screen. 

Fig. 4 Heflected hodograph 
to flow according to 
figure 3. 
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Pig. 5 
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Figs. 6, 7 




?ig.6 Dead air "boundaries behind screen hars of 
different width "by equal screen spacing. 




Fig. 7 Dead air limits "behind screen bars of equal width by 
different screen spacing. 
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?igs.8, 




?ig.9 Phenomena of reflected hodograpla to flow according to 
figure 8, 
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Figs. 10, 11 



/ 




yig.lO Screen of o'blique plates in oMique- flow. 
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Fig. 11 Phenomena of reflected hodograph 
to flow according to figure 10. 
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Pigs, 12, 13, 14 
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Pig. 14 
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Pigs. 12, 13, 14 Ratio of velocities in front and 'behind screen, plotted 

against relative v/idth of screen "bars and angle of 
setting a for different slopes of flow Y. (Dashes = asynrototes) 
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Pig, 15 



Pig. 16 



Pig. 17 
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Pigs. 15,16.17 
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Figs. 18, 20 



a,- V = -60° To, y = -30° c, Y = 0° 
d, Y = 30° e, Y = 60 




Fig. 18 Normal force coefficient plotted against "b/a , a and slope 
of flow Y. 
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Jig. 20 Hatio Vi/vg in front and "behind screen l)y discharge of water 
in air through a flat screen. (Full line = theoiy) 
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fig, 19 Experimental seWtQ) for 

discharge of water in air. 




Figo27 Various exL^erimental arrangements for dis- 
charge of air from a flat screen, 
a, With discharge channel, "b, Free discharge, 
c. With end plates, d. With diannel and auxiliary has^s. 
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t/a = 0.6 Y = 0° 

1.0, 



Figs. 21, 22.24 
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Figs. 21, 22 Ratio front and behind screen upon discharging 

water in air for tv/o relative "bar widths. 
(Full curve = theory.) 
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?igs,25,26 
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Figs. 25, 26 Batio v^^/vg in front and 'behind screen by discharge of 
air for two h/a ratios. (Full line = theory.) 
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Figs. 28, 
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Figs. 28, 29 Results of tests with arrangements of figure 27. 
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Figs. 50,31, 32 
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a, V/itli channel. 

Id, Free discharge. 

c, VJith channel and "bars. 
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Fig. 30 Energy distribution 13 cm "back 

of screen with arrangements 
a, b and d of figure 27. 



Fig. 31 Experiments with 
one slot. 
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?ig.32 Resxilts of tests with solitary slot. 



